Abstract: Preharvest fruit drop (PFD) of apple (Malus domestica Borkh.) can cause significant losses resulting in up to 50% reduction in yield in some years. In a 2-yr study, 'Honeycrisp' trees were treated with six foliar treatments including 20 mg·L −1 1-naphthaleneacetic acid (NAA) 2 wk before anticipated harvest (WBAH), 125 mg·L −1 aminoethoxyvinylglycine hydrochloride (AVG) 4 WBAH, AVG plus NAA 2 WBAH, and repeat sprays of 200 mg·L −1 B, and 2000 mg·L −1 Mg applied 48-93 d after full bloom to evaluate their effect on PFD and fruit quality. Fruit drop associated with broken pedicels and physiological causes was monitored. During a year with ∼43% PFD on untreated control trees, AVG retained up to ∼35% and NAA retained up to ∼27% of the total fruit number, relative to the control trees. The combination of AVG plus NAA had similar PFD compared with AVG alone, while B and Mg were similar to the control. The proportion of PFD associated with broken pedicels was ∼5%. Aminoethoxyvinylglycine delayed starch degradation, ethylene evolution, and blush skin colour development of fruit. This study supports the use of AVG 4 WBAH and NAA 2 WBAH to manage 'Honeycrisp' PFD, which may offer economic advantages for growing quality apples. Foliar sprays of Mg or B failed to reduce PFD.
Introduction
Preharvest fruit drop (PFD) of apple (Malus domestica Borkh.) begins approximately 4 wk before anticipated harvest (WBAH) and prior to horticultural maturity, with yield losses of up to 50% in some years . Preharvest fruit drop is a consequence of abscission, a physiological process whereby cell separation in the pedicel sheds the fruit (Addicott 1982) . Cultivars differ in their susceptibility to PFD and are categorized as less, intermediate, and more prone to PFD (Irish-Brown et al. 2011) . 'Honeycrisp', a commercially important cultivar, is more prone to PFD compared with other cultivars (Irish-Brown et al. 2011) . To avoid PFD, apples cannot be simply picked early, as immature fruit do not have acceptable flavour or colour properties (Wills et al. 2007; Baugher and Schupp 2010) .
Plant bioregulators (PBRs) are substances that act on the plant's physiology to alter development; e.g., by delaying PFD or maturity (Arseneault and Cline 2016) . A commonly used synthetic auxin, 1-naphthaleneacetic acid (NAA), appears to down-regulate genes involved in cell separation Greene 2010; OMAFRA 2014) . In a study on 'Bisbee Delicious', NAA led to delayed PFD, decreased fruit firmness retention, and increased starch index over time . Results of using NAA for PFD management can be variable Yildiz et al. 2012) . Another PBR, aminoethoxyvinylglycine (AVG) is an ethylene biosynthesis inhibitor that effectively delays PFD Robinson et al. 2010) . The use of AVG also maintains firmness retention, slows starch degradation, and red blush colour development (Yildiz et al. 2012) . Delaying or impeding fruit colour reduces marketability but can be minimized by lowering the rate (concentration) of application or by delaying harvest (Byers and Eno 2002; Greene and Schupp 2004) . A combination treatment of AVG plus NAA may be desirable as evidence in 'McIntosh' and 'Delicious' indicates that a combination of AVG plus NAA 1, 2, or 3 WBAH reduces PFD more than either bioregulator applied alone (Yuan and Carbaugh 2007; Robinson et al. 2010 ). The addition of NAA to AVG might allow colour development, which is sometimes impeded by AVG (Byers 1997; Yuan and Li 2008) . Research to delay PFD in specific cultivars has focused on determining effective application timing and rates of PBRs.
Magnesium (Mg) and boron (B) are also of interest because nutrient deficiency is a stress that may lead to PFD (Addicott 1982; Wooldridge 2002) . Boron deficiency of pome fruit is associated with fruit abscission (Wooldridge 2002) , likely because B deficiency causes cell deterioration and reduces carbohydrate distribution (Addicott 1982) . When soil applications of B were applied to 'McIntosh' apple trees, PFD was reduced in trees that
were not yet visibly deficient in B (Reuther 1942) . Furthermore, Mg deficiency promotes abscission (Southwick 1943) likely because it reduces photosynthesis by limiting production of the chlorophyll molecule, which alters carbohydrate production (Yuan and Greene 2000; Vágó et al. 2007) . Foliar sprays of magnesium sulphate reduced PFD of 'Tydeman's Late Orange' apple (Ford 1968) and reduced PFD of apple trees deficient in Mg (Forshey 1959 (Forshey , 1963 . Foliar nutrient sprays of Mg or B may be a promising approach to reduce PFD, particularly when nutrient levels are deficient.
Apple fruit that have a short pedicel might be susceptible to fruit drop caused by mechanical damage, including contact with orchard equipment, the force of wind, and the force that growing fruit exert on one another (Poapst et al. 1959; Ward et al. 2001) . The proportion of PFD due to mechanical damage versus physiological abscission is unknown (Arseneault and Cline 2016) . It may be necessary for investigators to focus on PFD caused by physiological processes rather than mechanical damage by analyzing only fruit with a smooth separation plane on the pedicel (Addicott 1982) .
The objectives of this study were to evaluate the effect of NAA, AVG, AVG plus NAA, B, and Mg on PFD and fruit quality of 'Honeycrisp' apples, and to determine the proportion of fruit that dropped due to broken pedicels caused by wind or fruit being pushed off by each other.
Materials and Methods

Experimental design
A 2-yr investigation was conducted to evaluate the effect of two PBRs and foliar nutrients on PFD. In 2014, 6-yr-old 'Honeycrisp'/M.26 trees trained to a slender spindle orchard system were used at site A, the University of Guelph Research Station in Simcoe, ON. In 2015, fruit set was poor because of frost damage; therefore, another commercial orchard in Windham Centre, ON (site B), was chosen (42°55′54.7″N, 80°23′43.5″W). Eleven-yearold 'Honeycrisp'/M.9 trees were trained to a vertical axis orchard system. The use of dwarf and semi-dwarf rootstock in 2014 and 2015, respectively, were not a concern to the variables being studied, as dwarfing rootstocks have a similar influence on PFD and fruit maturity (Southwick 1938; Miller and Racsko 2011) . Trees used during both years were pruned and trained in a similar fashion at approximately 3.0 m tall, spaced 1.2 m in-row and 4.0 m between-rows (2083 trees·ha −1 ). Treatment trees were selected based on a visual assessment of uniform canopies and fruit density. The soil was a well-drained coarse sand to sandy loam. Each treatment plot consisted of two trees: one tree was used for monitoring fruit drop and the other was used to sample fruit for quality and yield. Trees were managed according to standard Ontario orchard practices for 'Honeycrisp', including foliar sprays of calcium chloride to decrease bitter pit and improve storage potential (OMAFRA 2014). Fruit were thinned by singling clusters and spacing fruit ∼10 cm apart; this was done to reduce the likelihood that clusters of more than one fruit would lead to fruit being pushed off the spur, causing fruit drop.
Chemical fruit drop management treatments and cumulative fruit drop proportion
The following six foliar treatments were applied in a randomized complete block design with six replications: (i) untreated control; (ii) When PFD began in late August, dropped fruit from the "monitor" tree were counted 3 d per week and discarded after each day. Fruit were categorized according to the cause of fruit drop; a jagged tear-like appearance of the pedicel indicated a broken pedicel, and smooth appearance indicated separation at the abscission zone (Fig. 1) .
Leaf nutrients
The effect of foliar nutrient treatments on leaf B and Mg nutrient concentration was determined by leaf tissue analyses from the control, B, and Mg treatments only. In mid-August at 96 and 84 DAFB in 2014 and 2015, respectively, 25 healthy leaves were sampled 1.5 m from the ground around each tree in each experimental plot (OMAFRA 2014) . Only extension shoot leaves from the middle of the current season's growth were included in the sample (OMAFRA 2014) . Leaf samples were rinsed three times with distilled water to remove any spray residue, then placed in a paper bag and dried in a forced-air oven at 60°C for 1 wk. Samples were ground for analysis in a pulverizing mill using a 2 mm mesh (Thomas Scientific, Swedesboro, NJ) and analyzed in a commercial laboratory following the Official Methods of Analysis of the Association of Analytical Communities (AOAC 2012).
Fruit yield and quality
All 'Honeycrisp' fruit from the sample tree were harvested to determine yield (kg fruit ·tree −1 ). Total yield included dropped fruit, while all measurements of marketable yield excluded dropped fruit. Trunk crosssectional area (TCSA) was calculated based on trunk diameter measurements taken in the spring 30 cm above the graft union using a flexible measuring tape. Crop load was calculated by dividing the total number of fruit per tree by TCSA (Marini 2004 ). Fruit quality was evaluated on 10 representative, undamaged fruit selected from the sample tree; fruit were taken from all sides as well as the interior and exterior areas. These fruit were used for fruit quality analyses to indicate fruit marketability as follows. The rate of ethylene production was determined on the headspace of an enclosed pail that contained 10 fruit, which was analyzed using gas chromatography with an active alumina column and a flame ionization detector running at 70°C (Model 8610C; SRI Instruments, Torrance, CA). Fruit blush and ground colour were measured using a Minolta colorimeter (Model CR-400; Konica-Minolta, Tokyo, Japan) to determine lightness (L*), chroma (C*), and hue (H 0 ). Fruit firmness was measured on opposite sides of the fruit on peeled flesh using an electronic penetrometer with an 11.1 mm diameter blunt probe, travelling at 10 mm s −1 to a depth of 8.9 mm (Fruit Texture Analyzer GS-14; Western Cape, South Africa). Starch-iodine index value was determined based on the intensity and pattern of staining when a laterally sliced fruit was dipped in iodine solution (Blanpied and Silsby 1992) . Soluble solid concentration was analyzed using a temperature-compensating digital refractometer (Model Palette PR-32x; Atago, Tokyo), while titratable acidity was measured by diluting 5.0 mL of juice with 45.0 mL of water and then titrating with NaOH to a pH endpoint of 8.2, using an automatic titrator (Model G20, Mettler-Toledo, Columbus, OH).
Statistical analysis
Treatments were arranged in a randomized complete block design; each experimental unit consisted of a single tree, replicated six times at both locations. The error variance for yield and fruit quality parameters was analyzed using PROC MIXED, a mixed-model analysis of variance in SAS version 9.3 (SAS Institute, Cary, NC), with treatments entered as fixed effects and blocks as random effects. The initial difference in tree size between experimental units was adjusted by including TCSA as a covariate. Tukey's multiple means comparison test was used, and significance of treatment effects was determined using a Type I error rate of p < 0.05. Graphs were generated using SigmaPlot v.11.0 (Systat Software Inc., San Jose, CA).
Results
Cumulative PFD ratio and fruit quality, Simcoe Research Station (site A)
In 2014, PFD from untreated control trees was 4% by 24 Sept. when harvest began, and had increased to 11% on 2 Oct., when the commercial harvest period ended ( Fig. 2A) . Cumulative fruit drop on untreated trees increased rapidly from 24 Sept. to 6 Oct.; the trend was flat thereafter. Trees treated with Mg had fruit drop similar to the untreated control. Trees treated with B had up to 7% higher fruit drop compared with the untreated control. The AVG, NAA, and AVG plus NAA treatments all reduced PFD by 4% and to a similar level. Trees treated with NAA, AVG, or AVG plus NAA did not display a period of rapid fruit drop during the monitoring period. Fruit drop due to broken pedicels, likely removed by wind or fruits physically pushing each other, contributed an additional ∼5% fruit drop on the untreated control by 2 Oct. (Fig. 3A) .
Untreated control trees had leaf B concentrations of 22 μg·g −1 (dry weight), considered low according to local sufficiency ranges for apples; i.e., 20-60 μg·g Table 2 ). Fruit firmness was similar between treatments and untreated controls, with the exception that fruit firmness in the NAA treatment was significantly lower (∼4 N) compared with treatments of AVG and AVG plus NAA (p < 0.0001) ( Table 3 ). The starch index for fruit from the AVG treatment was significantly lower compared with the AVG plus NAA treatment (by 1.6, p < 0.0001). Starch indices for fruit from the treatments AVG and AVG plus NAA were significantly lower compared with the untreated control (by 2.5 and 0.9, respectively, p < 0.0001). The rate of ethylene evolution of fruit at harvest was significantly lower for the AVG treatment, at 0.2 nL ethylene·g fruit −1 ·h −1 , while AVG plus NAA was below the detectable limit, compared with the untreated control that produced 12.2 nL ethylene·g fruit
Titratable acidity (p = 0.6278) and soluble solids (p = 0.0026) were similar between the treatments and the control (Table 3) . Fruit skin blush colour when treated with AVG and AVG plus NAA resulted in skin blush colour that was lighter, faded, and less similar to red, respectively (Table 4) . Treatment with AVG and AVG plus NAA resulted in skin ground colour that was more vivid and more similar to green. In 2015, cumulative PFD from the untreated control trees was 27% by 25 Sept. at the beginning of the commercial harvest period, and increased to 43% on 7 Oct., when the harvest period ended (Fig. 2B) . Fruit drop on untreated control trees increased rapidly from 16 to 28 Sept. and increased at a constant rate thereafter. The Mg treatment reduced fruit drop by up to 6%, whereas the B treatment increased fruit drop by up to 8%, compared with the untreated control at the end of the harvest period. Fruit drop on trees treated with NAA was 20%-27% lower than the untreated control during the harvest period. Trees treated with AVG had 24% and 35% lower fruit drop at the beginning and end of harvest, respectively. The combination of AVG plus NAA had similar PFD levels to AVG alone. Trees treated with NAA, AVG, or AVG plus NAA did not display a rapid increase in fruit drop. Fruit drop by broken pedicels resulted in ∼2% fruit drop on the untreated control by 7 Oct. (Fig. 3B) .
Untreated control trees had a leaf B concentration of 34 μg·g −1 , which was within the sufficiency range (OMAFRA 2014) ( Note: Means within a column not sharing a lowercase letter differ significantly at the p < 0.05 level by Tukey's test (α = 0.05, N = 6). NAA, naphthaleneacetic acid; AVG, aminoethoxyvinylglycine; B, boron; Mg, magnesium; WBAH, weeks before anticipated harvest; NA, not applicable; ND, not detectible.
a Blanpied and Silsby (1992) .
compared with the untreated control (p = 0.0015). Mg treatment increased leaf Mg concentration from deficient to a low sufficiency level of 0.27%. At harvest, treatments had similar total yield, marketable fruit weight, marketable fruit number, and marketable crop load with respect to the control (Table 5) . Marketable yields for the AVG and NAA treatments were significantly higher than the untreated control by 7.6 and 8.4 kg·tree −1 (44% and 48%), respectively (p = 0.0003).
The starch indices were significantly lower for AVG and AVG plus NAA treatments, by ∼2.7 and 1.6, respectively, compared with the untreated control (p < 0.0001) ( Table 6 ). Titratable acidity was significantly higher for the AVG treatment compared with NAA (p = 0.0144); however, there was no difference between the control and any treatment ( Table 6 ). The rate of ethylene evolution of fruit from trees treated with AVG was 0.2 nL ethylene·g fruit −1 ·h −1 ; AVG plus NAA was below the detectable limit. These rates of ethylene evolution were both significantly lower compared with the untreated control, which produced 14.3 nL ethylene·g fruit −1 ·h −1 (Table 6 ) (p < 0.0001). There were no significant treatment effects on fruit firmness (p = 0.1585) or soluble solids (p = 0.4590). Fruit skin blush colour was significantly affected by AVG, as indicated by the AVG and AVG plus NAA treatments, which were lighter and less similar to red compared with untreated fruit (Table 7) . Fruit ground colour of AVG and Mg treatments was lighter compared with the untreated control. Note: Means within a column not sharing a lowercase letter differ significantly at the p < 0.05 level by Tukey's test (α = 0.05, N = 6). NAA, naphthaleneacetic acid; AVG, aminoethoxyvinylglycine; B, boron; Mg, magnesium; WBAH, weeks before anticipated harvest; NA, not applicable.
a Lightness (L*) defined as the intensity of an area from black to white (0-100), chroma (C*) defined as the purity of a colour (low is washed out, high is vivid), and hue (H 0 ) defined as similarity to red (0), yellow (60), and green (120). Note: Means within a column not sharing a lowercase letter differ significantly at the p < 0.05 level by Tukey's test (α = 0.05, N = 6). NAA, naphthaleneacetic acid; AVG, aminoethoxyvinylglycine; B, boron; Mg, magnesium; WBAH, weeks before anticipated harvest; TCSA, trunk cross sectional area; NA, not applicable.
a Total fruit, excluding preharvest fruit drop.
Discussion
Cumulative fruit drop
The propensity for 'Honeycrisp' PFD can be managed to some extent by foliar PBR sprays applied prior to harvest ). In the current study, application of AVG 4 WBAH delayed fruit drop of 'Honeycrisp', which is consistent with studies of 'McIntosh' , 'Golden Supreme' (Yuan and Carbaugh 2007) , and 'Bisbee Delicious' . Previous research indicates that AVG delays PFD by reducing ethylene synthesis in fruit (Boller et al. 1979; Yuan and Li 2008 ).
Application of NAA 2 WBAH reduced fruit drop by up to ∼27%, which is thought to be the result of NAA down-regulating genes involved in cell separation . Results of the current study are consistent with previous studies using NAA on 'Red Chief', 'Red Delicious' (Marini et al. 1993) , 'Golden Supreme', and 'Golden Delicious' (Yuan and Carbaugh 2007) . However, previous research on 'McIntosh' indicates that NAA is not always effective at delaying PFD . In 2015, when PFD was 43%, AVG was superior to NAA at delaying PFD, which is consistent with the study by Yuan and Carbaugh (2007) . The current Note: Means within a column not sharing a lowercase letter differ significantly at the p < 0.05 level by Tukey's test (α = 0.05, N = 6). NAA, naphthaleneacetic acid; AVG, aminoethoxyvinylglycine; B, boron, Mg, magnesium; WBAH, weeks before anticipated harvest; NA, not applicable; ND, not detectible.
a Blanpied and Silsby (1992) . Note: Means within a column not sharing a lowercase letter differ significantly at the p < 0.05 level by Tukey's test (α = 0.05, N = 6). NAA, naphthaleneacetic acid; AVG, aminoethoxyvinylglycine; B, boron; Mg, magnesium; WBAH, weeks before anticipated harvest; NA, not applicable.
a Lightness (L*) defined as the intensity of an area from black to white (0-100), chroma (C*) defined as the purity of a colour (low is washed out, high is vivid), and hue (H 0 ) defined as similarity to red (0), yellow (60), and green (120). Yuan and Li (2008) showed no benefit of adding NAA in reducing fruit drop of 'Honeycrisp' apples. Future research on 'Honeycrisp' is warranted to investigate whether the combination of AVG plus NAA is effective at lower rates of AVG compared with the full rate of 125 mg·L −1 of AVG alone, as this could reduce the cost of application and negative effects of AVG on maturity (Yuan and Carbaugh 2007; Yuan and Li 2008) . Mg spray treatments did not reduce fruit drop in 2014, while in 2015, fruit drop was reduced by 6%. Ford (1968) demonstrated reduced PFD of 'Tydeman's Late Orange' apples when they were treated with foliar sprays of magnesium sulphate (i.e., Epsom salts).
In both years of this study, B application resulted in up to 8% higher fruit drop compared with the untreated control. Previous studies have demonstrated that B application hastened fruit maturity at harvest (Wójcik et al. 1999) , and that more mature fruit are more likely to drop compared with less mature fruit (Poapst et al. 1959; Greene et al. 2014) . Current study results suggest that preventative foliar sprays of Mg and B were relatively ineffective for the management of PFD, and that B may have inadvertently increased fruit drop.
The percentage of fruit drop varied between the two study years. Preharvest fruit drop of 'Honeycrisp' is reportedly as severe as in 'McIntosh', the latter of which is well known to drop early (Rosenberger et al. 2001) . Previous research on 'McIntosh' showed that fruit drop varied by year, ranging from 27% to 51% (∼27 Sept.) in a 2-yr period . Factors that vary between years and may affect fruit drop include wind speed, moisture stress, sunlight levels, air temperature, and nutrient availability. These factors may promote fruit abscission if they cause stress and deprive the plant of energy (Roberts et al. 2002) . In addition, previous research on 'McIntosh' showed that fruit drop varied by location in the same year, ranging from 30% to 70% from Geneva to Hudson, NY (∼30 Sept.) . Factors that differed between both sites (e.g., tree age, tree health, soil type, and average air temperature) may explain the variation in PFD observed herein.
There are reports that external forces (e.g., wind, orchard equipment touching fruit, and closely growing fruit exerting pressure on one another) cause fruit drop, and yearly variations in the intensity of these factors may contribute to variation of PFD (Poapst et al. 1959; Ward et al. 2001 ). In the current study, the proportion of broken pedicels was not especially large or variable. The study by Ward et al. (2001) excluded apple fruit without an attached pedicel when monitoring fruit drop; however, the current study is the first to quantify fruit drop associated with broken pedicels. Fruit drop by broken pedicels caused predictable fruit drop each year.
Leaf nutrients
In 2014, leaf B and Mg concentrations in the control treatment were low, and foliar treatments of B and Mg increased the corresponding leaf nutrients to excessive levels. The increase in leaf B concentration of 54.2 μg·g −1 and Mg of ∼0.19% in the current study were relatively high in relation to previous research, and several factors may explain this increase (Wooldridge 2002; Wojcik and Wojcik 2006; Wojcik et al. 2008) . A surfactant was applied, similar to Ullah et al. (2012) , which was expected to increase uptake. Leaves were sampled within 2 wk after the final spray, which may not have allowed time for B to translocate from leaves to other plant tissues (Hanson 1991) . The limited increase in leaf B in 2015 did not appear to be due to differences in translocation between stages of development, as nutrients were measured at similar times during the growing season each year. Two foliar sprays were applied in 2015 compared with three in 2014; this likely led to a lower nutrient uptake in 2015. Nutrient absorption may have been lower in 2015 due to 22 mm of rainfall the day after the first foliar spray, which may have reduced the treatment effect.
Fruit yield and quality at harvest The higher marketable yields of AVG and NAA treatments compared with the control are consistent with other studies, showing a delay of PFD associated with AVG (Greene 2006; Yuan and Li 2008) and NAA (Yuan and Carbaugh 2007) . Treatments during the current study were harvested on the same date, explaining why no differences in fruit weight were observed. Other studies have indicated that fruit weight can increase when fruit remain on the tree during a delayed harvest (Byers and Eno 2002) .
Previous research reported that AVG did not affect fruit firmness of 'McIntosh' (Robinson et al. 2006) or 'Delicious' (Byers 1997; Greene 2002) at the usual harvest period, which is consistent with the current study. In contrast, studies have also shown that AVG delayed the loss of fruit firmness on 'Red Chief' (Yildiz et al. 2012) and 'McIntosh' (Greene 2005) . The results of the current study using 'Honeycrisp' align with studies reporting that NAA was not associated with loss of firmness at harvest for 'Red Chief' (Yildiz et al. 2012) or 'Starkrimson Delicious' (Byers 1997) . However, NAA was associated with a loss of fruit firmness in 'Golden Supreme', 'Golden Delicious' (Yuan and Carbaugh 2007) , 'Bisbee Delicious' , and 'Macspur McIntosh' . Several factors may explain these inconsistencies of fruit firmness between years and studies, including fruit size, number and size of cells, maturity at harvest, and enzyme activity (Link 2000) . 'Honeycrisp' flesh is not prone to rapid loss of firmness according to previous research, likely due to low enzyme activity (Harb et al. 2012) . The effect of an extended harvest on fruit firmness in 'Honeycrisp' is an area for further research.
In both years of this study, AVG treatments had lower starch index values and lower rates of ethylene evolution than the untreated control, and hence delayed fruit maturity, consistent with other studies (Byers et al. 2005; Greene 2005; Yuan and Carbaugh 2007; Yuan and Li 2008) . These results are consistent with those by Greene (2006) , who found that 90 mg·L −1 AVG markedly delayed ripening of the low ethylene producing 'Gala' apples, and suggested a similar influence on 'Honeycrisp', although data were not shown. Other studies suggest that NAA hastens starch degradation Yuan and Li 2008) . The current study could not discern whether NAA hastened starch degradation compared with the control because fruit from treatments were harvested at a high starch index, when most starch hydrolysis to sugar had occurred. Regarding ethylene evolution, previous studies indicated that AVG delayed the rate of ethylene biosynthesis in apple fruit Robinson et al. 2010) . Similarly, results of this investigation demonstrated that the rate of ethylene evolution of fruit was low for all treatments containing AVG. This 2-yr study indicated that in 'Honeycrisp', the use of AVG or NAA had no clear relationship with soluble solids or titratable acidity. Other studies report conflicting results on the effect of drop management compounds on soluble solids and titratable acidity, but effects appear to be minor (Greene 2002; Yildiz et al. 2012) .
Consumers prefer bicoloured fruit cultivars such as 'Gala' or 'Honeycrisp', which have a red blush colour of high surface coverage and intensity (Rosenberger et al. 2001; Iglesias et al. 2008) . Red colour development is often slowed or impaired by AVG, likely because of a delay in maturity rather than a direct chemical effect on colour (Greene 2006; Dal Cin et al. 2008) . In 2014 in the current study, AVG and AVG plus NAA treatments resulted in fruit skin with a greener ground colour, which is indicative of delayed maturity. This was also reported by Dal Cin et al. (2008) . When AVG is used, and depending on concentration, harvest may need to be delayed to allow acceptable colour development for horticultural maturity Yildiz et al. 2012 ).
Conclusions
Aminoethoxyvinylglycine and 1-naphthaleneacetic acid are effective tools to delay fruit drop in 'Honeycrisp'. However, combining NAA with AVG did not delay PFD any more than using AVG alone. Foliar sprays of B and Mg did not adequately reduce fruit drop. The proportion of fruit drop by pedicel breakage was ∼5%, a value that was previously only speculated, compared with ∼43% by physiological causes. AVG delayed fruit maturity, as indicated by lower starch index values, lower rates of ethylene evolution, and reduced skin blush red colour. Plant bioregulators may reduce production losses on the popular cultivar 'Honeycrisp'.
